INTRODUCTION
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2D). Given their resemblance in shape and frequency dynamics to previously characterized 167 oscillatory events in neonatal cortical areas (9) (10) (11) 35) , these events were classified as theta 168 bursts.
169
As reported for adult OB, prominent spiking characterized neonatal MTCs. Analysis of 170 single unit activity (SUA) after principal component analysis (PCA)-based sorting of units 171 revealed that the majority (80%) of spikes occurred during theta bursts. The firing rate during 172 bursts (median: 1.36 Hz, iqr: 0.25-3.23 Hz) was significantly (p=3.65x10 -7 , Wilcoxon signed-173 rank test, n=34 cells from 14 animals) augmented when compared to non-bursting periods 174 (median: 0.44 Hz, iqr: 0.09-1.48 Hz) ( Fig 2E) . To assess the temporal relationship between 175 oscillatory OB rhythms and MTC firing, we estimated the coupling strength between SUA and 176 RR as well as between SUA and theta bursts by calculating the pairwise phase consistency 177 (PPC), a bias-free measure of rhythmic neuronal synchronization (36) . Both rhythms similarly 178 timed MTC firing (RR: median PPC: 0.21, iqr: 0.20-0.22 vs. theta burst: median PPC: 0.21, 179 iqr: 0.20-0.21., p=0.1664, Wilcoxon signed-rank test, 2 outliers removed, n=32 cells, Fig 2F) .
180
In adults, dorsal and ventral OB subdivisions have distinct physiology and function.
181
MTC axons that originate in the dorsal OB are known to strongly project to amygdala and 182 mediate innate odor responses, whereas ventral OB accounts for processing of learned 183 odorants (37, 38) . To assess whether distinct activity patterns entrain the dorsal vs. ventral 184 OB at neonatal age, we compared RR and theta bursts from both subdivisions (S1 Fig 
257
Next, we assessed the contribution of MTC firing to the patterns of oscillatory activity 258 in OB by performing extracellular recordings of LFP and MUA in OB of P8-10 R26-259 heterozygous cre-positive (n=12) and cre-negative (n=11) Tbet-cre;ArchT-EGFP mice. Upon 260 in vivo light stimulation ( Fig 3A) , the majority (64.58%, 31/48) of MTCs responded with a These data show that RR and theta bursts in the neonatal OB have different origin.
282
While RR critically depends on nasal air flow, MTC activity is necessary for the entrainment 283 of OB in theta bursts.
284
Theta bursts in OB drive discontinuous oscillations and time the firing in the neonatal
285
LEC
286
The presence of both direct axonal MTC-to-LEC projections and early patterns of oscillatory 287 activity in OB led to the question of their relevance for the emergence of functional 288 assemblies in the neonatal LEC. In contrast to the documented relevance of entorhinal 289 output for developing limbic circuits (11), the role of sensory inputs for the functional 290 maturation of LEC is still unknown.
291
Multi-site extracellular recordings of LFP and MUA from the layer II/III of LEC from 292 P8-10 mice in vivo (n=11) ( Fig 4A) confirmed the previously reported presence of 293 discontinuous theta bursts with large amplitude (median 154.14 µV, iqr 101.10-191.65 ) and a 294 duration of 5.15 s (iqr 4.13-8.48) ( Fig 4B-D) . They appear superimposed on a slow rhythm
295
(2-4 Hz) that continuously entrains the neonatal LEC and has been overlooked in previous 296 investigations. This slow pattern of activity that was present both during theta bursts (median 297 area power 526.25 µV 2 , iqr 307.68-1171.85) and "silent" periods (median area power 86.57 removed, n=50 units), with most cells being locked to the trough of RR and theta oscillation 310 ( Fig 4F) .
311
Simultaneous recordings from OB and LEC (n=9) of neonatal mice gave first insights 312 into their dynamic coupling ( Fig 5A) Fig 5B) . Analysis of the 317 temporal correspondence of theta bursts in OB and LEC revealed that 48.70% of them co-318 occurred with more than 60% temporal overlap. The coupling strength assessed by 319 imaginary spectral coherence, which excludes synchrony effects due to volume conductance 320 (47), revealed that the OB-LEC coupling is evident in both slow frequencies (i.e RR) and 321 theta band (i.e. theta bursts) ( Fig 5C) 
325
(dorsal: median 0.11 Hz, iqr 0.09-0.14 Hz; ventral: median 0.08 Hz, iqr 0.05-0.10 Hz; p=0.13,
326
Wilcoxon rank-sum test) and theta frequency range (dorsal: median 0.07 Hz, iqr 0.06-0.11 327 Hz; ventral: median 0.06 Hz, iqr 0.06-0.09 Hz; p=0.54, Wilcoxon rank-sum test) were similar 328 for dorsal and ventral OB in relationship to LEC (S1 Fig) . These data are in line with 329 anatomical investigations in adult mice (48) as well as with our tracing data (Fig 1) , showing 330 that, FG injections into neonatal LEC leads to homogenous MTC labeling throughout the OB.
331
To assess the influence of anesthesia on entorhinal activity patterns and coupling magnitude, but not frequency distribution. The imaginary coherence peaked at 2-4 Hz and at 339 5 to 20 Hz, corresponding to RR and theta-beta frequencies, respectively. While mean RR 340 coherence did not differ between states (p=0.17, Wilcoxon rank-sum test, 2 outliers 341 removed), theta coherence was higher in the presence of urethane (p=0.0034).
342
These data indicate that, independent of brain state and anatomical subdivision, OB 343 and LEC couple tightly, both being synchronized in continuous RR and discontinuous theta 344 oscillations at neonatal age.
345
Since feed-forward projections from MTCs to LEC are dense, whereas feed-back 346 projections from LEC to OB are rather sparse, we asked whether the functional coupling 347 between the two areas is directed, and if so, whether directionality is frequency-specific. To 348 estimate the directionality of OB-LEC coupling, we used two approaches. First, we assessed 349 the phase lag between LFP in OB and LEC. While the phase lag for continuous RR was 350 centered to 0, it peaked in negative range for theta bursts, indicating that OB theta bursts 351 most likely drive LEC theta oscillations ( Fig 5D) . Second, we analyzed the temporal 352 relationship between spiking activity in one area and either LFP or spiking in the other area.
353
For RR, a similar number of clustered units in OB and LEC were phase-locked to RR in LEC
354
(31.48%, 17/54) and OB (25.27%, 23/91 p=0.54, χ 2 (1)=0.38, χ 2 test of proportions),
355
respectively and their coupling strengths were comparable (p=0.35, Wilcoxon rank-sum test,
356
OB cells to LEC RR: median 0.21, iqr 0.19-0.23; LEC cells to OB RR: median 0.22, iqr 0.19-357 0.28, Fig 5E) . In contrast, a significantly higher fraction of LEC neurons were phase-locked to 358 theta bursts in OB (42.47%, 31/73) when compared to OB neurons timed by entorhinal theta 359 phase (10.20%, 5/49, p=1.28x10-4, χ 2 (1)=14.67, χ 2 test of proportions, Fig 5E) . The coupling Together, these data suggest that the continuous RR rhythm is not involved in 
374
Extracellular recordings of LFP and MUA were performed simultaneously from OB and LEC 375 of mice (n=8) before and after lidocaine injection in vivo ( Fig 6A) . The injected lidocaine 376 volume of 4 µl was proven to not spread across the borders of OB ( Fig 6B) . Lidocaine 377 abolished OB firing within ten minutes of injection from a median baseline firing rate of 1.97 378 Hz (iqr: 0.77-2.80) to 0.00 Hz (iqr: 0.00-0.02). A partial recovery was observed after 30-40 379 min (χ 2 (7) 
589
especially as a result of maternal odor, might increase the level of excitability within 590 entorhinal-prelimbic-hippocampal networks and strengthen their wiring. By these means, the emergence of cognitive abilities.
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